H uman a-synuclein (as), a 140-amino acid protein, is the main fibrillar component of Lewy bodies, a pathological hallmark of Parkinson's disease (PD ).1 -3 as is intrinsically disordered and is characterized in vitro by the absence of a welldefined structure and by remarkable conformational f1exibil-ity. [4] [5] [6] There is strong evidence that the biological function of as is correlated with the binding to membranes?-'O asmembrane interactions are mediated by the N-terminal region (approximately residues 1-100), forming a -helices upon association, while the negatively charged C-terminal region remains unfolded and potentially available for interactions with other proteins. Here, the rotational mobility at room temperature of spinlabels attached to as has been used to monitor the local degree of membrane binding in the proximity of the labeled sites as a function of membrane composition. The rotational mobility was determined by EPR spectroscopy in X-band, accomFsanied by spectral simulations performed with EasySpin. 8 We prepared seven different as derivatives labeled at single cysteines introduced at positions 9, 18, 27, 56, 69, 90, and 140 (aS9, aS18, etc.). We studied the interactions of these labeled proteins with LUVs composed of different ratios of negatively charged {POPG [1-palmitoyl-2-0Ieoyl-sn-glycero-3-phospho-rac-(l'-glycero!)]} and zwitterionic [POPC (l-palmitoyl -2-0Ieoyl-sn-glycero-3-phosphocholine)] lipids. We found a nonuniform binding affinity, increasing toward the N -terminus. Experiments comparing the binding affinity of wild type as (aSwt) and an as variant lacking amino acids 2-11 of the Nterminal region (as.6.2-11) for mitochondria support this result. 29 -31 The EPR spectra of Singly labeled as in the absence of LUVs can be described by a one-component spectral simulation SA in the fast motion regime (Figure 1 ). The corresponding isotropic rotational correlation times Cr,) are listed in Table 1 . They are consistent with expectations for unstructured peptides in solution.
Representative EPR spectra of aS9 and aS90 upon interaction with 100 nm LUVs of different surface charge For as 140, the degree of local binding b is zero for all values of p. We found the degree of local binding b decreases with decreasing values of p for all residues (except aSI40). From p = 1.0 to P = 0.3, the behavior is strongly dependent on the labeled region; i.e., regions close to the N-terminus bind at lower membrane surface charge densities than the regions distal from the N-terminus. We attribute differences in the dependence of the local degree of binding b on p to an effect of nonuniform binding affinity of as for the membrane surface. For instance, fraction b of aS9 reflects the local binding affinity around residue 9, which starts binding at p ~ 0.1, wh ile the region around residue 90 does not bind until p ~ 0.5.
Because differences in lipid composition or membrane fluidity may result in different as binding behavior,32 the binding of as wild type and aS~2-11 to isolated mitochondria was studied using sodium dodecyl sulfate-polyacrylamide gel electrophoresis experiments (Figure 4 ). The outer mitochondrial membrane protein TOM20 was used as loading control.
The band intensity at 17 kDa 33 of mitochondria bound aSwt increases with an increasing aSwt concentration in the range of • 
